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superiority of the logistic interpolation over the linear ^ ^ > 
interpolation is ^nlost noticeable for distributions consisting pf only 
a small fiumber of score intervals (say *f ewer than ^0) , particularly 
distributions that are relatively unskeWed. Logistic interpolation 
thus should be useful in practical situations in which percentile 
ranks of number right scores must be estim€^ted fron very coarse 
/groupings. The logistic method may aSl^o be applied to distributiMs 
. of formula scores. However, the meth<Kt should probably not be us^d 
^ for unsmoothed distrib^utj^ons' of formula scores unless it is desired 
to smooth out the peaks and valleys ^hat result from rounding scores 
to integer values. The usefulness' of logistic interpolation in 
computing percentile ranks for test score distributions is 
illustrated using three score distributions for item -analysis samples 
from 19^4 Law school Admissions fests (LSAT) . (Author/BJG) 
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^ _ Use o^f th^ Logistic Mo del as an Aiternative to Linear 

^ Interpolation for Computing Percentile Ranks ' 

THe usual method of . con?)utd||nig percentile ranks for test scores is' 

* • , '• . 

' li|iear interpolatiorx<;{ For this method it is assumed that the ^scores are 

-■■ ■ " '^ . ■. ^-i' ■ ■ • ' ■ . 

distributed uniformly throughout , the score interval* One formula for 

computing percentile ranks in this wajr is 

PR(x) - + ^ , (P^ - Pi) (1) 
. ^ u 1 

where ±b the score for which'' tfte percentile rank is to be computed, ^ 

X- is the lower theoretical limit of the. score interval, 

X . o 

X is the upper theoretri^^cal limit of the score interval, 

u ' • ' 

Pjo is the percentage of the cases scoring below the lowest score 

in the interval, and ^ 
p is the percentage of the -.cases scoring below the lowest score ° 
0^ * in the next higher interval. ^ ' ' 

* In this paper we consider the logistic diatrifcution function as an ' 
alternative to (1)»\ Formula (1) is known to yield percent^.le ranks that 

•O 

are too low above the mode, and too high below the rtyode of a continuous 

I. • ■ 

unimodal distribution. The reason for this bias is that .above the mode the 
score density is greater in the lower p^t of the interval than in the^ upper 
pai;t of the interval, and, conversely, below the nujde the score density is 
■greater in the upper part of the interval. If the g^core interval in which 
int;erpolation is used is small, the assumption of a uniform cfistribution 



of scores In the interval reaulta In negligible bias, and linear Interpol a tlij£^ 

. ^ . • .• 

and the artemative proposed here will give nearly Identical results i However, 

' I I- ^ , ' ' 

there are other ins tan cei^ in which the logistic interpolation yields results 

superior to linear interpolation. Thqse are illustrated in the second section . 
of the paper. . . ^ ^ 

Theoretical Considerations 
The logistic cumulative distribution function, which >Jfery nearly coincides 
with the normal ogive model (Lord and Novi9k, 1968) , .has a closed mathematical 

form that makes it convenient to apply. This function is ^ 

, . t? • <^ . • 

^ p. ° L(y) ^ 1/(1 + e '"^) , - oo < y < 00 . . (2) 

The invgrse function is * - 

y - l"'^(p) o ln[p/(l - p)f ,.0 < p < 1 . ■ - ' i(3) ^ 

If we substitute P ^ P^^ and p " Pj^ in (3), we can determine the corresponding 
y and y^^ . Then we can find the y in this interval that ^correspdhds to x 
in (1). Thus, . ' . 

/ , y^^ l"^(p) ° ln[p^/(l - p^)] , • ^ " (4) 

^ y^^ l"-'-(p) - ln[pj^/(l - pj^)] » and • (5) 

u 1 . • 

The formula for computing the percentile rank for Qcore i: ioS^en given 
by (2). ' ^ * • , ' ^ . 

Since .ln[p/(l - p)] ia undefined for p ° 1 and P = 0 , which corr^opond 
jco the upper and Idwer theoretical limits^ of the highest and lowest obtained 
Jscore intervals, raspectlyelyt we resort to a practical rule suggested by M. S. 
Bartlett (i947, p. 46T^in these inCitancea, namely, substituting l/4n for 0 



*and (1 - l/4n) * for 1.00. pther working values, st^h as l/2n and (1 - *l/2n), 
might also be used (Berkson, 1955). We canythen use equations* (2) through (6) 
as before. * - 

Application to Empirical Distributions . 

To Illustrate the usefulness of logl^yflc Interpolation in computing 

- <> 

percentile ranks for teQt score distributions, we use three. score distributions 
for .item-analysis samples from the February and*Decembtr 1974 administrations 
of the Law ^School Admissions T-est (LSAl/) : one negatively skewed, one positively 
skewed, and one relatively unskewed. These tliree ^distributions' are based on 
the number-right seords from the 35-ltem Data Ittt^erpretation section of the 
February 1974 LSAT and the 30-ltem Data Intei^retation and Sentence Correction 
sections of the December 1974 LSAT. Table 1 gives the one-pdint Interval 
distributions and summary i^statlsti^ for all tljrcb sqores. ^k^^^ess was 
computed by fche formula 

0 - [E(k - M^)^]/n . • . 

%. * * - 

Percentile ranks were computed by both llneair and logistic interpolation for 

ail scores in the obtained score range for one-point (0, 1, 2, ...), three- 

point (0-2,^3-5, ...), and six-point <0-5, 6-11, .t^^) interval distributions. 



Insert Table 1 about here 



The rbsults are shown in Ta)^le 2 and Figures 1 through 6. Since the 
percentile ranks derived by the two methods for one-point Interval distributions 
were virtually undlstinguishable^,Sonly the percentile ranks computed by linear 
int'er|jplatlon are given in tffo figures and were the base against which the^ 
^ther percentile ranks ^ere compared. ^' 



^ Insert Table 2 and Flgujrec 1-6 about horc 

# ^ ^ — 

\ • ' ■ ' ' • ^ 

• It is clear from the figuVca that when 10 or more ocoro Intervals are 1 

» i 

, ^ " i • 

, used, the^e is little 'to g$*in from using the logistic method* However, for | 
.the siK-point in-terval distributions (six categories) the logistic method 
yields perosntile ranks that are much closer to the baseline* The logistic 
method works eKceedingly well for a relatively unskowed distribution (occ 
Figure 2). Figures 4 and 6 sRow that the percentile' ranks for scored at the 
high end of the qcovq^ range ate too high when the distribution- is negatively 
skiswed. 'Correspondingly, the percentile ranks |ire too low for scores at the 
low end of the score range when the. distribution is positively skewed*^ A 
study of the figures suggests that an average of the logistic and linear 

results might correct this blasi • ' » . 

t - I - ■ 

I 

Conclusion 

A method of interpolation has been derived that should be ouperior -to 
linear itit^rpolation in computing the percentile ranks of^eot scores for. 
/ unimo del score diotributions. We have seen that the superiority of the 
logistic interpolation over the linear interpolation is most,n(5tieeable for 
distributions consisting of only^ a small number of se8re intervals (say fewer 
than 10), particularly ^Is^tributions that are relatively unskowed. Logistic^ 
interpolat'ion thus ohould be Useful in practical situations in which percentile 
ranks of number right scores must be estimate^, fJ^om very coarse groupings. 



'J 6 



The logistic method may also be applied to distributions of formtila scorQS. 
However, the method -should probably not be used for unamoothed- distributions 
of formula seoreo unless it is desired to smooth out the p'eaks. and valleys 
that resul^froia rounding scorefl^tp integer values. „ ^ 
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DiGtribution of Section Scoros from 
the February" 1974 and Deceipber 1974 Administrations 
of the Law School Adraisstona Tee't _ 



Score 



Dataj Interpretation 
(February 1974) 



'Frequency 



Percent 

Below 



^34 
33 

'X 
31 

30 „ 

28 
27 
26 
25 
24 
23 
22 
21 

18 
17 

16 . 
15 
14 
13 

12 • 
11 

10 
• 9 
8 
7 
6 
5 
.4 
3' 
2 

1 • 
' 0 

K • • 

Mean 

S.D. 

SkGwncoo 
Median 



1 

''I 
10 
13 
16 
25 
22 
28 
49 
53 
68 
74 
84 • 
111 
112 
147 
104 
106 
116 
108 
92 
66 
^5 
44 
41 
31 
18 
■ 9 
• '8 
ID 
1 
2 



162S 
18.43 
5.40 
0.07 
18.31 



I?. 9 

99.9 

99.3 

98.5 

9*7.5 

95.9 

94.6 

92.9 

.89.8 

86.6 

82.4 

•77.8 

72.7 

65.8 

59.0 

49.9 

43.5 

37.0 
.S9.8 

23.2' . 

17.5 ^ 

13.5 

'10.1 
7.4 
4.9 
3.0 
1.8 
1.3 
0.8 
Q..2 

o.r 

0.0 



Data Interpretation 
(December 1974) ' 



'Sfehtence Correction 
(Decembpr ^1974) 



Frequency 



Percent 
Below 



Frequency 



P^rc^nt 
. Below 



V 



3 

. 5 
5 , 
13 
14 
19' 
29 
31 
45 
37 
53 
70 

„94" ' 

94-> 

99 
118^ 
102'; 
,102 

97 

80 

74 

63 

48 

27 

13 
5 

2 ' 
1 

°2 



1345 
15.29 
4.92 
0,33 
14.98 



99.8 
99.4 
99.0 
98.1 
97.0 
95.6 
93.5 
91.2 
87.8 
85.1 
81.1 
75.9 
68.9 
61.9 
54.6 
45.8 
38.2 
30.6 
23'.4 
17.5 
12.0 
7.3 
3.7 
1.7 
0.7 
0.4 
0.2 
0.1 
0.0 
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n 


60 


• ^ 
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116 


75.5 


140 V 


67.1 


142 


58.6 


146 


49.9 


.143 


41.3 


137 " 


33.1 


111 


26.5 


ill 


19.8 


89 


14.5 


86 ' 


9.3 


44 


6.7 


28 


5.0 


27 




'22 . . 


1.1 


13 


1.3 


8 


0.8 


2 


0.7 


5* 


0.4 


2 


0.3 


4 


0.1 


0 


0.1 


0 


0.1 


. 0 


• <^ 0.1 


1 


0.0 



1670 
19.27 

4.46 
-0.38 

lp.5; 



Table 2 ' . ^ . ^ * 
Per con tile Ranko for Selected *coreQ on LSAT Seetiono 
by Size of Scoria Interval and Type of Interpolation 







One-Poln<^ 














Intorvalo 


Three-Point Intervalo 


Six-Point 


Intervalo 


Score 


Linear 


Logistic 


Linear 


Logiota^c 


Linear 


Logiotlr . 


Date InterpfGtation (February 1974) , ■ 


' 28 


95.26 ' 


95.31 


95.17 


95.73 ; 


93.71 


95.80 


22 


75.26 . 


75.35 


74.12 


75.03 


72.00 . 


M. 00 


16 


'.33.42 


33.32 


33.35 


32.54 


35.15 . 


32.24 


10 


6.12 


6.00 


6.52 


5.52 i 


7.^7 


5.49 


4 


0.15 


0.15 


0.40 


0.11 


//0.40. 


O.ll 






Data Interpretation 


(Deceraber IJ^) 




> 


28 


99.22 


99.24 


. 98.92 


99.34 


'98.20 


99.47 


22 


89.48 


89.60 


89.26 


/ '90.02 


87.32 


89.97 


16 


58,25 


58.30 


• 57.> 


57.79 


57.55 


57.47 


10 . 


14^72 


^1 14.51 


15.JJ5 


13.42 


.17.75 


10.79 


4 


0.30 ^ 


? 0.29 


0.45 


.0«33 


0.46. ' 


0.19 . 






Sentence* 

"Si 


Correction 


(December 1974) 






28 


98.86 


99.03 


97.96 


99.50 


95.57 


99.7.4 


22 


71.32 


71.50 


70.54 


72.07 


70.12 


72.81 


41 

1-6 


2,3.14 


22.98 


23.80 


* 22.46 


26.09 


" 22.07 


. 10 


2.75 


2.68 


3.17 


2.59 


3,88 • 


2.74 


4 


0.18 


0.13 


0.24 


^ 0.16' 


a, 31 


0.18 
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^ f Figure Qaptioiia \ 

Figure 1, CoHjpariGon of linear an*^ logiotic interpolation for 
February 1974 LSAT Data Interpretation oc^Dreo grouped into three-point 
intervals ; - . 

Figure 2. CorapariQon of linear and logiotic interpolation for 

February 1974 LSAT Datd Interpretation oeoreg groiiped into olK-poi^t 

^ . ^* ' ■ 

intervolo. ^ • 

"rigure 3, Comparison of linear and logiotie ij^erpolatibn for 
Decembor 1974 Data Interpretation oeoreQ groupiid into thre|-poitv^ 
intervalo. 

• Figure 4. Comparioon of lincMXr" and logiotie interpolation for 
Deeeinber B74 Data Interpre|:sr^ion oeoreo grouped into oisc-point 
intfervalo. 

Figure 5. e6mpario0n of linear and logiotie interpolation for 
December 1974 Sentence Correction oeoreo grouped into three-point 
intervalo, ' . ^ 

Figure 6. Comparioon of linear and logiotie interpolation for 
Deeeniber 1974 Sentence Correction oeoreo grouped into oiss-pofnt 
^ intorvalo. • ' - 



